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GEOHYDROLOGY OF THE ALBIN AND LA GRANGE AREAS, 
SOUTHEASTERN WYOMING

By William B. Borchert

ABSTRACT

The Albin and La Grange areas are adjoining but hydrologically 
different areas in which use of ground water has increased rapidly in 
recent years. The Albin area, located in Laramie County, is about 
750 feet (230 meters) higher than the La Grange area, most of which is 
in Goshen County to the north.

Dryland farming is the general practice throughout the Albin area; 
however, since 1968, irrigated farming has become prevalent in parts of 
the area. Thirty-four irrigation wells have been drilled since 1968, 
mostly for use with center-pivot sprinkler systems that irrigated 
about 6,980 acres (2,820 hectares) in 1974. Ground water is the only 
source of water for irrigation. Some irrigation wells are developed in 
the Arikaree Formation of early Miocene age; however, most are developed 
in channel deposits of the Ogallala Formation of late Miocene age. 
Irrigation wells in the channel deposits penetrate from 85 to 170 feet 
(26 to 52 meters) of saturated sand, silt, and gravels and most are 
capable of yielding from 800 to 1,000 gallons per minute (50 to 63 liters 
per second). Water levels in parts of these channel deposits have 
declined about 4 to 7 feet (1 to 2 meters) since pumping began in 1968. 
In the area southeast of Albin, about 4 feet (1 meter) of the 7 feet 
(2 meters) of decline can be attributed to a 55 percent increase in 
ground-water pumpage in 1974 over that in 1973.

During 1974, about 10,110 acres (4,092 hectares) were irrigated in 
the La Grange area using surface water from Bear Creek and Horse Creek, 
ground water, or a combination of surface water and ground water. All 
the 71 irrigation wells pumped from the Brule Formation of the White 
River Group of Oligocene age, the alluvium of Pleistocene and Holocene 
age, or from both formations. Wells with the highest yields are those 
northeast of La Grange completed in the Brule or in both the alluvium 
and Brule. Specific capacities for these wells range from 45 to 230 
gallons per minute per foot (9.3 to 47.6 liters per second per meter) of 
drawdown.



The Brule Formation, which consists primarily of argillaceous 
siltstone, has low primary permeability. Wells yield enough water for 
irrigation from zones of secondary permeability in the Brule. Zones of 
secondary porosity were studied in two wells in the La Grange area using 
caliper logs and acoustic borehole televiewer logs. At intervals of 
known secondary porosity, an evaluation was made of the response of 
geophysical logs.

From the spring of 1970 to the spring of 1974, wells northeast of 
La Grange had water-level rises of about 5 feet (2 meters), mostly the 
result of recharge from surface water. Water-level declines west and 
northwest of La Grange from the spring of 1973 to the spring of 1975 
were a result of increased pumpage and of decreased precipitation during 
1974. Based on streamflow measurements during the irrigation season, 
it appears unlikely that irrigation wells have caused any significant 
direct streamflow depletion in Horse Creek.

INTRODUCTION

The Albin and La Grange areas are part of the High Plains section 
of the Great Plains physiographic province (Fenneman, 1946). The Albin 
area is part of the original High Plains; whereas, the La Grange area is 
about 750 ft (230 m) lower, where the original High Plains surface has 
been deeply eroded. The eroded area, referred to as Goshen Hole, is 
shown in figure 1 as the area east of the irregular dashed line and 
north of the Albin area. The Albin and La Grange areas are adjoining 
but hydrologically different areas in which use of ground water has 
increased rapidly in recent years. Normal annual precipitation at Albin 
is 18.26 in (463.8 mm). Normal annual precipitation at La Grange is 
15.47 in (392.9 mm).

Before 1968, dryland farming was the general practice throughout 
the Albin area; however, since 1968, irrigated farming has become prevalent 
in parts of the area. There are no perennial streams in the Albin area 
and ground water is the only source of water for irrigation. Thirty- 
four irrigation wells have been drilled since 1968, mostly for use with 
center-pivot sprinkler systems.

Irrigation with surface water started in the 1880 f s in the La Grange 
area utilizing water from Horse Creek and Bear Creek, the only perennial 
streams in the area. Development of ground water started in 1936. 
Twenty-five irrigation wells were drilled in the next 30 years, and from 
1967 to 1973 an additional 44 irrigation wells were drilled.



Purpose and Scope of the Investigation

The purpose of this investigation was to describe the aquifers in 
each area, to evaluate the response of the aquifers to the present rate 
of withdrawal, to establish an observation-well network in each area, to 
describe the relationship between surface water and ground water in the 
La Grange area, and to sample ground water to determine its general 
quality in each area, to determine if any changes in quality are due to 
irrigation practices, and to provide background data for future evaluations 
of the effects of irrigation on water quality. Because of the increasing 
number of irrigation wells in the two areas, this study was begun in 
July 1972 in cooperation with the Wyoming State Engineer.

The following methods were used to accomplish the objectives of the 
study. Driller's logs from wells and test holes were studied and used 
for compiling maps showing saturated thickness of the Ogallala Formation 
of late Miocene age in the Albin area, saturated thickness of the 
alluvium of Pleistocene and Holocene age in the La Grange area, and 
structure contours on the base of the Ogallala Formation in the Albin 
area. Pumpage was estimated using electric power records, measured 
discharges, and information from owners. Aquifer tests were made in 
both areas to obtain aquifer parameters. Geophysical logs and an acoustic 
televiewer log were run in two wells in the La Grange area. Water 
levels were measured in as many wells as possible and measurements were 
used to construct water-table contour maps; monthly water-level measurements 
were made in 19 observation wells in the Albin area and 24 observation 
wells in the La Grange area. Diversion records made available by personnel 
from the State Engineer's office and streamflow measurements of Horse 
Creek and Bear Creek were used to evaluate the relationship between surface 
water and ground water in the La Grange area. Six ground-water samples 
in the Albin area and 18 in the La Grange area were analyzed for chemical 
quality.

Location and Extent of the Areas

The Albin and La Grange areas together consist of about 390 mi2 
(1,010 km2 )—210 mi2 (540 km2 ) in the Albin area and 180 mi2 (470 km2 ) 
in the La Grange area—adjacent to Nebraska in southeastern Wyoming 
(fig. 1). The two areas are divided along the east-trending escarpment 
at the southern boundary of Goshen Hole, a prominent physiographic 
feature. The escarpment, although not prominent west of Highway 85, 
defines the northernmost extent of the Ogallala Formation.
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Previous Investigations

Several investigations of the geology and water resources of all or 
parts of the Albin and La Grange areas have been made. The geology, 
streams, and springs of the La Grange area were described by Adams 
(1902) in a report on the Patrick and Goshen Hole quadrangles. Schlaikjer 
(1935 a, b, and c) described the geology of the Goshen Hole area which 
includes part of the La Grange area. The ground-water resources of the 
Horse Creek and Bear Creek valleys were described briefly by Dockery 
(1940) and by Babcock and Rapp (1952). Most of the La Grange area was 
described by Rapp and others (1957) in their study of the geology and 
ground-water resources of Goshen County. Bjorklund (1959) reported on 
the geology and ground-water resources of the upper Lodgepole Creek 
drainage basin that includes the .southern half of the Albin area. All 
of the Albin area was included in the report on the geology and ground- 
water resources of Laramie County by Lowry and Grist (1967).

Well-Numbering System

Wells cited in this report ate identified by a number based on the 
Federal system of land subdivision (fig. 2). The first number indicates 
the township, the second the range, and the third the section in which 
the well is located. The lowercase letters following the section number 
locate the well in the section. The first letter denotes the quarter 
section, the second letter the quarter-quarter section, and the third 
letter the quarter-quarter-quarter section [10-acre (4.0 hectares) 
tract]. The subdivisions of a section are lettered a, b, c, and d in a 
counterclockwise direction, starting in the northeast quarter. When 
more than one well is located in a 10-acre (4.0 hectares) tract, con 
secutive numbers starting with 1 follow the last lowercase letter of the 
well number.

This well-numbering system is also used to designate test holes, 
and stream-gaging sites cited in this report.
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Use of Metric Units

For those readers interested in using the metric system, metric 
equivalents of English units of measurement are given in parentheses in 
the text. The following table may be used to convert the English units 
of measurement used in this report to metric units. The conversion 
factors are shown to four significant figures in this table. The metric 
equivalents in the text are shown only to the number of significant 
figures consistant with the values for the English units.

English 

acres 

acre-ft (acre-feet)

acre-ft/yr
(acre-feet per year)

ft (feet)

ft/mi (feet per mile)

ft 3 /s (cubic feet per 
second)

(ft 3 /d)/ft (cubic feet 
per day per foot)

gal/min (gallons per 
minute)

(gal/min)/ft (gallons 
per minute per foot)

Multiply by 

.4047 

.001233 

.001233

.3048

.1894

.02832

.09290

.06309

.2070

[(gal/min)/ft]/ft (gallons .6791 
per minute per foot 
per foot)

in (inches)

mi (miles)

mi2 (square miles)

25.40

1.609

2.590

Metric 

hectares 

hm3 (cubic hectometers)

hm3 /yr (cubic hectometers 
per year)

m (meters)

m/km (meters per kilometers)

m3 /s (cubic meters per second)

(m 3/d)/m (cubic meters per 
day per meter)

1/s (liters per second)

(l/s)/m (liters per second 
per meter)

[(l/s)/m]/m (liters per second 
per meter per meter)

mm (millimeters)

km (kilometers)

km2 (square kilometers)
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GEOHYDROLOGY OF THE ALBIN AREA

Irrigation wells and test holes in the Albin area have totally or 
partially penetrated the Arikaree Formation of early Miocene age and 
the Ogallala Formation of late Miocene age. A few wells and test holes 
penetrated the upper part of the Brule Formation of Oligocene age. Test 
holes in the south half of sec. 4, T. 16 N., R. 60 W. penetrated as much 
as 100 ft (30 m) of the upper saturated part of the Brule. However, the 
Brule in this area did not yield sufficient quantities of water for 
domestic use. All irrigation wells are developed in either the Arikaree, 
the Ogallala, or a combination of both formations; therefore, emphasis 
is placed on describing the aquifer characteristics of these formations.

Arikaree Formation 

Distribution and Character

The Arikaree Formation underlies the entire Albin area, except for 
two small areas (fig. 3) south and southeast of Albin. Probably erosion 
removed the Arikaree in these two areas before deposition of the Ogallala 
Formation. The extent of these areas was approximated from available 
driller's logs of wells and test holes in the areas.

The Arikaree consists of tan to light-gray, very fine to fine 
grained, partly silty, massive sandstone in the outcrops exposed in the 
escarpment bounding Goshen Hole. The sandstone generally is loosely to 
moderately cemented, but layers of well cemented, hard sandstone and 
beds of siltstone occur locally throughout the formation. Logs of wells 
and test holes indicate that locally thin zones of medium to coarse 
grained sand and fine gravel occur at different depths and sometimes at 
the base of the Arikaree.



The thickness of the Arikaree ranges from zero in the two areas 
shown in figure 3 south and southeast of Albin to about 500 ft (150 m) 
north of Albin along the Goshen Hole escarpment. Few data on the 
thickness of the Arikaree throughout the Albin area are available 
because most wells have not penetrated the full thickness. However, the 
available data indicate that the Arikaree thins south of Albin to about 
110 ft (34 m) at well 16-60-20cdd and thickens southwest of Albin to 
about 300 ft (91 m) in a test hole at 16-61-27bcd. Although not 
penetrating the full thickness of the Arikaree, wells 17-62-31accl and 
17-63-26dbal were drilled about 300 ft (91 m) into the Arikaree.

Hydraulic Properties

The hydraulic properties of the Arikaree Formation vary somewhat 
from one location to another; however, in southeastern Wyoming, the 
Arikaree is fairly homogeneous. The Arikaree in the Albin area has not 
been developed to the extent it has. in other areas in southeastern 
Wyoming; therefore, its hydraulic properties are not well defined but 
are assumed to be similar to the properties found in the other areas.

Although affected by many variables, specific capacity (yield per 
foot of drawdown) for a specified time, usually 24 hours, can be used as 
a guide to the relative transmissivity of an aquifer. Transmissivity 
expresses the rate of flow of water in ft 3 per day, through a vertical 
strip of aquifer 1 ft wide extending the full height of the aquifer 
under a hydraulic gradient of 1 ft per ft. The U.S. Geological Survey 
prefers ft2 /day for the units of transmissivity. However in this report, 
the units for transmissivity are given as (ft 3 /day)/ft so that the 
reader unfamiliar with these units can easily understand them to express 
a rate of flow. Generally high specific capacities indicate an aquifer 
of high transmissivity; low specific capacities, an aquifer of low 
transmissivity.



Data from irrigation wells pumping from the Arikaree Formation in 
the Albin area, the Wheatland-Dwyer area about 60 mi (96 km) northwest 
of Albin, and the Lusk area located about 100 mi (160 km) north of Albin 
have been used to prepare a specific-capacity frequency graph (Walton, 
1962, p. 13-14). The data for the Wheatland area were computed from 
information given by Weeks (1964, p. 62-64); for the Dwyer area, data 
were obtained from G. C. Lines (oral commun., 1974); and for the Lusk 
area, data were obtained from M. A. Grist (oral commun., 1974). Because 
specific capacity changes slowly with the duration of discharge, the 
time of discharge is usually reported as part of the specific-capacity 
data. The duration of discharge is not known for most of the specific- 
capacity data used in the specific-capacity frequency graph. However, 
it was assumed that the specific capacities were measured after a long 
enough time that drawdown was not drastically changing. Most wells used 
in this analysis normally are pumped for periods longer than 24 hours at 
one time and usually specific capacities were determined only for such 
wells. Values of specific capacity per foot of penetration were plotted 
against the percentage of wells on logarithmic probability paper as 
shown in figure 4. Specific capacity per foot of penetration is determined 
by dividing the specific capacity by the saturated thickness that the 
well penetrates. Using figure 4, the average specific capacity per foot 
of penetration of the Arikaree shown for each area is as follows:

Albin area - 0.050 [(gal/min)/ft]/ft (0.034 [(l/s)/m]/m),
Wheatland-Dwyer area - 0.014 t(gal/min)/ft]/ft (0.010 [(l/s)/m]/m),
Lusk area - 0.058 [(gal/min)/ft]/ft (0.039 [(l/s)/m]/m).

The steeper the slope of the lines fitted to the data, the greater the 
range of the specific capacity per foot of penetration within an area. 
Based on the existing data, the specific capacity per foot of penetration 
varies more for wells developed in the Arikaree in the Albin area than 
for wells in the Lusk and Wheatland-Dwyer areas. However, the graph 
indicates that the range of specific capacity per foot of penetration 
for the Albin area is more similar to that range shown for the Lusk area 
than the range shown for the Wheatland-Dwyer areas. This implies that 
the range of transmissivity of the Arikaree in the Albin area is more 
similar to the range of transmissivity found in the Lusk area than to 
the range found in the Wheatland-Dwyer area.
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Ôn
\u

t

C

(

.
n\Jv

AN

© —

^

ta obtained fr 
ells in the fo
^ Albin arec 

D Lusk area 
5 Wheatlanc

\as

\
A

^0X3

^
rj r^

\

— ̂

\
\
A

*^^^**"x

—
•om irri 
llowing

i

l-Dwye

V

Y
\

gation 
area;

r area

^
^

\
j^j

^^

\

^

-0.5

z

0
o
^
oc.

I 0- 1 fe
_ w 
— ui

-0.05 Q-O
Ull-

o z
UI UI
to a.

- aru.
Ul O 

<A UJ 

UJ HI

-0.01 3^

~~ >
- K

-0.005 < 
a.
o 
o

~" u.
o
UI

_ a.
CO

-0.001

10 20 30 40 50 60 70 80 

PERCENTAGE OF WELLS

90 95 98

Figure 4.-Specific-capacity frequency of irrigation wells in the 
Arikaree Formation in southeastern Wyoming.

11



Transmissivities determined from aquifer tests of the Arikaree 
Formation near Wheatland in Platte County, Wyoming (Weeks, 1964, p. 44) 
ranged from about 350 to about 1,300 (ft 3/d)/ft [32 to 120 (m 3/d)/m]. 
Whitcomb (1965, p. 48) reported transmissivities ranging from 1,070 to 
10,300 (ft 3/d)/ft [99.4 to 956 (m3/d)/m] for the Arikaree near Lusk in 
Niobrara County, Wyoming. Data from an aquifer test of the Arikaree in 
the Albin area were analyzed using the Theis (1935) recovery formula 
and Jacob's (1950) modified nonequilibrium formula. The results of this 
aquifer test are shown in the following table:

Well location

17-62-31accl 
31acc2 
31acc3

Location of 
observation 
well from 
pumped well 

(ft)

(pumped well) 
41 (south) 

156 (east)

Transmissivity 
Kft 3 /d)/ft]

1,240 
1,230 
3,030

Storage 
Coefficient 1

7. 1X10" 3

Length 
of 

test 
(hrs)

48

Date 
test 

started

9/16/74

1 Storage coefficient is the volume of water the aquifer releases 
from or takes into storage per unit surface area of the aquifer 
per unit change in head.

The transmissivity values obtained from this aquifer test are 
reasonable for the Arikaree; however, they represent hydraulic properties 
of the Arikaree only at the location of this aquifer test.

A wide range in transmissivity for the Arikaree Formation in the 
Albin area should be expected. The range in transmissivity is probably 
partly due to variability in sand grain size and to differences in the 
degree of cementation. Wells drilled in the fine sand of the Arikaree 
can produce maximum yields by full penetration of the aquifer, careful 
well design, and adequate well development. Specific capacity can be 
greatly affected by these factors. It is often advantageous to drill 
test holes in the Arikaree to determine areas where the most favorable 
hydrologic conditions exist for the location of a well.
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Ogallala Formation 

Distribution and Character

The Ogallala Formation is the only formation exposed in the Albin 
area; it is the major aquifer for most of the irrigation wells. The 
Ogallala consists of heterogeneous deposits of silt, sand, and gravel, 
predominantly unconsolidated with interbedded clay layers and occasional 
limestone lenses. Resistant beds in the Ogallala, cemented by calcium 
carbonate, cap the escarpment bounding Goshen Hole along the northern 
boundary of the Albin area. The deposits of the Ogallala in the Albin 
area that are the most important for ground-water development occur 
generally south of Albin as coarse-grained channel deposits.

For ease of identification of these channel deposits in the Ogallala, 
they will be referred to throughout the text as the northern, central, 
or southern channel deposits. These channel deposits are generally 
shown by lines of equal saturated thickness of the Ogallala greater than 
50 ft (15 m) on figure 5. The northern channel deposits are those 
mostly in T.. 17 N., R. 60 W. The central channel deposits are those 
extending from west to east through the upper half of T. 16 N., Rs. 60, 
61, and part of 62 W. The southern channel deposits, mostly in sees. 21, 
22, 23, 26, and 27, T. 16 N., R. 60 W., are a broad, thick extension of 
the central channel deposits.

The Ogallala Formation was deposited over an eroded surface of the 
Arikaree Formation throughout most of the area. Coarse-grained materials 
in the northern channel deposits were deposited in a channel cut into 
the Arikaree in the western half and in a deep, steep-walled channel cut 
through the Arikaree into the Brule Formation in the eastern half (fig. 3) 
The best defined channel in the Brule, beginning about a mile (1.6 km) 
south of Albin, extends to the southeast into Nebraska where it bends 
east and then slightly northeast (V. L. Souders, oral commun., 1974). 
The saturated thickness of the Ogallala penetrated by test holes in the 
deeper parts of the northern channel deposits ranges from 120 ft (37 m) 
to 380 ft (116 m). The greater thickness was penetrated in a test hole 
drilled in Nebraska near the State line by the Conservation and Survey 
Division of the University of Nebraska (Smith and Souders, 1971, p. 128- 
130). Irrigation wells in these channel deposits penetrate from 90 ft 
(27 m) to 170 ft (52 m) of saturated thickness.

Coarse-grained materials in the central channel deposits were 
deposited in a channel cut into the Arikaree in T. 16 N., Rs. 61 and 
62 W. and into channels cut through the Arikaree into the Brule about 
the last 5 mi (8 km) near the State line (fig. 3). Saturated thickness 
penetrated by irrigation wells in the central channel deposits ranges 
from 85 ft (26 m) to 130 ft (40 m). Additional test drilling might 
indicate an extension of these coarse-grained channel deposits farther 
westward into T. 16 N., R. 62 W., even though present data show that the 
saturated thickness of the Ogallala decreases in this area (fig. 5).

13



The southern channel deposits were deposited in a broad, deep, 
gently sloping channel cut into the Arikaree. Deposits in this channel 
consist of fine sand and sandy clay with gravel lenses, much finer 
grained than deposits in the two channels to the north which are pre 
dominantly medium to coarse-grained sand and gravel with some inter- 
bedded silt and clay.

Hydraulic Properties

An aquifer test of the Ogallala Formation was made at well 
17-60-33dbbl for 24 hours. Data from an observation well, located 
160 ft (49 m) from the pumped well, were analyzed using the Theis non- 
equilibrium formula (Theis, 1935) and Jacob's modified nonequilibrium 
formula (Jacob, 1950). Transmissivity was calculated to be about 93,600 
(ft 3 /d)/ft [8,700 (m3 /d)/m].

The test site was located in the narrower part of the northern 
channel deposits where coarser, more permeable materials having a higher 
hydraulic conductivity would be more likely to occur. Hydraulic conduct 
ivity of an aquifer is a measure of the capacity of the aquifer to transmit 
water. It can be expressed as the rate of flow in ft 3 per day through a 
cross-sectional area of 1 ft2 under a hydraulic gradient of 1 ft per ft. 
The saturated thickness of 170 ft (52 m) at well 17-60-33dbbl is the 
greatest penetrated by any of the wells drilled in the medium to coarse 
grained channel deposits. Thus, because transmissivity is directly 
proportional to the hydraulic conductivity and the saturated thickness, 
the value for transmissivity determined from this aquifer test is 
probably too high to be considered a representative value for all the 
Ogallala channel deposits. However, transmissivities greater than 
15,000 (ft 3 /d)/ft [1,400 (m3 /d)/m] probably can be expected for most of 
the channel deposits with a saturated thickness of at least 100 ft 
(30 m) (fig. 5).

Specific capacities of wells drilled in the northern channel 
deposits in the Ogallala Formation range from 50 to 229 (gal/min)/ft 
[10 to 47 (l/s)/m] of drawdown (table 1). These high specific capacities, 
in addition to the high transmissivity determined by the aquifer test at 
well 17-60-33dbbl, indicate that the transmissivity of the Ogallala in 
the Albin area generally is highest in this channel deposit southeast of 
Albin.

The specific capacity for irrigation wells drilled in the other 
Ogallala channel deposits in the Albin area range from 7 to 101 (gal/min)/ft 
[1.4 to 21 (l/s)/m] of drawdown. The well with the lowest and the well 
with the highest specific capacity values have about the same saturated 
thickness and are located within half a mile (0.8 km) of each other in 
the central channel deposits. This illustrates the heterogeneity of 
the Ogallala Formation even in these coarser, more permeable channel 
deposits. Test drilling may be used to pinpoint sections of maximum 
permeability and saturated thickness. Complete penetration of the 
aquifer by a well is necessary for maximum yields and minimum drawdowns.
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Irrigation Development 

Irrigation Wells

The use of ground water for irrigation increased in the Albin area 
subsequent to the development of center-pivot sprinkler systems in the 
1960's. The first irrigation well (17-60-29cbd) in the Albin area that 
was used with a center-pivot sprinkler system was drilled in 1968. The 
increase in the number of completed irrigation wells (wells drilled and 
equipped with pump and power) is shown in the following table:

No. of completed -, Cumulative 
Year irrigation wells — total

1945 1 1
1962 1 2
1968 1 3
1969 2 5
1970 7 12
1971 8 20
1972 6 26
1973 7 33
1974 3 36

— Data obtained from records of the Wyoming State Engineer's 
office.

Most of the irrigation wells in the northern channel deposits yield 
from 1,000 gal/min (63 1/s) to more than 2,000 gal/min (126 1/s). The 
irrigation wells in the central channel deposits yield 500 to 1,600 
gal/min (32 to 100 1/s). Three irrigation wells north and northeast of 
Albin yield from 100 to 600 gal/min (6.3 to 38 1/s). The irrigation 
wells in Rs. 62 and 63 W. yield from about 400 to 1,000 gal/min (25 to 
63 1/s). Most irrigation-well systems are designed to pump about 800 
to 1,000 gal/min (50 to 63 1/s) through the center-pivot sprinkler 
systems, although many wells could yield more water than is pumped. One 
exception is well 16-60-3bad, which the owner reported yields 2,000 
gal/min (126 1/s) and operates two center-pivot sprinkler systems at the 
same time. The discharges listed in the yield data in table 1 are the 
measured or estimated discharges for each well.
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Ground-water Pumpage

Estimated monthly ground-water pumpage for irrigation in 1974 was 
more than 150 times that of 1968 (fig. 6). Most of the well discharges 
used in the pumpage estimate were measured by personnel of the U.S. 
Geological Survey, the Wyoming State Department of Economic Planning and 
Development, and the Wyoming State Engineer's office. Some well discharges 
used were measured by well drillers. Of a total of 34 irrigation wells 
that were pumped during 1974, 24 well discharges were measured and 10 
well discharges were estimated based on sprinkler-system design and 
operating pressures. The power consumption (kilowatt hours of power 
used to pump an acre-foot of water) was calculated using well discharge 
and the power input for each of the 22 wells pumped using electric 
power. Electric-power records were obtained from the Rural Electric 
Association in Pine Bluffs, Wyo. Monthly ground-water pumpage from the 
22 wells was estimated by dividing the power consumption into the total 
kilowatt hours used per month.

Of the 34 irrigation wells in the Albin area, 12 were pumped during 
1974 using diesel engines equipped with hour meters. The total number 
of hours the diesel engines operated during 1974 was determined from the 
difference between hour-meter readings made before and after the irriga 
tion season. These total hours of engine operation were then divided into 
monthly-hour estimates on the basis of information from owners and a 
comparison with monthly operation of wells using electric power and 
irrigating similar crops. The monthly-hour estimates multiplied by well 
discharges gave the estimated monthly ground-water pumpage from wells 
using diesel power.

The annual increase in ground-water pumpage from 1968 through 1973 
is mostly a result of new irrigation wells being put into use. During 
1974, the annual number of newly completed irrigation wells decreased, 
but the pumpage greatly increased, mostly because of a lack of adequate 
precipitation. Total annual precipitation for 1974 [12.21 in (310 mm)] 
was the second lowest amount recorded at Albin since the period of 
record began in 1941.

Well Interference

In the Albin area, noticeable well interference has not occurred 
because most wells are spaced about half a mile (0.8 km) apart due to 
the use of center-pivot sprinkler systems. Well interference occurs 
when irrigation wells are close enough to each other that their cones of 
depression overlap. When this happens, the supply of ground water to 
each well is diminished, which results in greater drawdowns in each well 
than if only one well is pumped.
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Some well interference could exist between well 17-60-29cbd and 
well 17-60-30dad, which are about 950 ft (290 m) apart. To illustrate 
possible well interference, assume the aquifer to be homogenous and 
isotropic with a transmissivity of 53,500 (ft 3 /d)/ft [5,000 (m 3/d)/m] 
and a storage coefficient of 0.20 in the vicinity of two wells 1,000 ft 
(304.8 m) apart. The time necessary for the cone of depression of each 
well to reach the half-way point between the wells can be calculated 
using the Theis (1935) nonequilibrium formula. If both wells pump about 
800 gal/min (50 1/s) continuously, their cones of depression will meet 
after about 2.5 hours. After about 30 days of continuous pumping, a 
2 ft (0.6 m) water-level decline will result midway between the two 
pumping wells.

Irrigated Acreage

At the end of 1974, about 6,980 acres (2,820 hectares) were being 
irrigated in the Albin area (fig. 5). Irrigated acreage was calculated 
from adjudication maps on file at the Wyoming State Engineer's office 
that show the surveyed location of individual wells and the surveyed 
acreages being irrigated by those wells.

Most of the irrigated acreage in the Albin area is irrigated using 
center-pivot sprinkler systems; each system irrigates from about 110 to 
160 acres (44.5 to 64.8 hectares). The center-pivot sprinklers have 
sprinkler nozzles spaced along pipe elevated above the ground by several 
towers, each with two wheels. The system is self propelled around a 
pivot in the center of the field. Smaller acreages from about 5 to 120 
acres (2.0 to 48.6 hectares) in the Albin area are irrigated using either 
solid set or lateral wheel roll sprinkler systems. The solid set 
sprinklers have sprinkler nozzles spaced along irrigation pipe that 
lays on the ground and is manually moved from one location in the field 
to another. Lateral wheel-roll sprinkler systems have sprinkler nozzles 
spaced along pipe that is supported above the ground on wheels and is 
self propelled across a field.

Irrigated acreage can be increased without an increase in the number 
of irrigation wells being pumped. A common practice is to have another 
pivot point in an adjacent quarter section and to move the center-pivot 
sprinkler from one pivot point to another. One well then can be used to 
irrigate most of two quarter sections using one center-pivot sprinkler. 
This method is used in sec. 3 and sec. 27, T. 16 N., R. 60 W., sec. 29, 
T. 17 N., R. 60 W., sec. 31, T. 17 N., R. 62 W., and sec. 34, T. 18 N., 
R. 60 W. (fig. 5). Another method used to increase acreage irrigated by 
the same well or wells.is to install an additional center-pivot 
sprinkler. In 1973 alone, four additional center-pivot sprinklers were 
installed to operate with existing irrigation wells.

21



The Water Table 

Configuration

Water-table contours depict the general configuration of the water 
table, somewhat as topographic contour lines illustrate the shape of the 
land surface. The water table is neither level nor uniform but slopes 
irregularly. The general direction of ground-water movement is at right 
angles to the contour lines, in the direction of greatest slope, or 
hydraulic gradient, of the water table. The rate of ground-water movement 
is directly proportional to the hydraulic gradient, the cross-sectional 
area through which the water moves, and the hydraulic conductivity of the 
water-bearing material.

One continuous water-table was contoured in the Albin area on the 
assumption that there is hydraulic interconnection between the Arikaree 
and Ogallala Formations. The water-table contours (fig. 7) indicate that 
ground water in the Albin area generally moves eastward. The maximum 
hydraulic gradient is nearly 90 ft/mi (20 m/km) in the southeastern 
part, and the minimum is about 5 ft/mi (0.9 m/km) in the vicinity of 
Albin. For most of the area the gradient averages about 20 ft/mi 
(4 m/km) . Wells in Nebraska provide control data for water-table 
contours on the eastern edge of the Albin area.

The shape and slope (hydraulic gradient) of the water table in the 
Albin area is primarily a result of three factors: 1) The shape and 
slope of the underlying bedrock surface (top of the Brule Formation), 
2) local differences in the vertical and horizontal hydraulic conduct 
ivity of the water-bearing materials, and 3) discharge from the aquifer. 
Recharge to the aquifer can influence the shape and slope of the water 
table. However, depths to water in the Albin area are great enough that 
effects of recharge on the shape and slope of the water table are subdued.

The spacing of water-table contours are an indication of relative 
transmissivity. At places where no irregularities of the bedrock surface 
are present, closely spaced contours on the water table commonly indicate 
areas that are underlain by water-bearing beds of low transmissivity; 
conversely, widely spaced contours may indicate areas that are underlain 
by beds of greater transmissivity. However, this is not the only criterion 
that should be considered.
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North and east of Albin the water-table contours are widely spaced, 
indicating a low hydraulic gradient and implying a high transmissivity 
for the aquifer (Arikaree Formation). However, results of test drilling 
in this area indicate a low hydraulic conductivity and decreased saturated 
thickness for the Arikaree. Near Albin, some of the ground water from 
the west is diverted from its eastward movement toward the highly 
permeable channel deposits to the southeast. Thus, a low hydraulic 
gradient in the area north and east of Albin was caused by a combination 
of low hydraulic conductivity, decreased saturated thickness, and less 
ground water moving through the area. Because of these various factors 
affecting water-table contours, the interpretation of aquifer character 
istics from a water-table contour map should be done cautiously along 
with all available information.

The water-table contours in the eastern part of the Albin area show 
a series of ridges and troughs from north to south (fig. 7). The ridges, 
or ground-water divides, are similar to topographic divides between two 
drainage basins. Ground water does not cross these divides. Discharge 
and recharge influence ground-water divides and this can shift their 
locations. The location of ground-water divides shown in T. 16 N., 
R. 60 W. correspond to topographic highs because the topographic highs 
reflect bedrock highs. The ground-water divide east of Albin is caused 
by a bedrock high, as indicated by a driller's log of well 17-60-22dcd. 
Ground-water flow from the west splits as it approaches this divide and 
flows to the northeast and to the southeast. The troughs in the water 
table southeast of Albin show that ground water flows into the Ogallala- 
filled channels in the Arikaree and Brule Formations (fig. 3). Because 
the water table was measured in September, a water-table depression 
caused by pumping may have made the water-table troughs more pronounced, 
especially in the northern channel deposits. Before pumping began, the 
water-table troughs in the channels were probably present and ground- 
water moved into these channels though at a smaller rate. These thick, 
permeable channel deposits probably serve as natural discharge channels 
for the aquifer system.

In the western part of the Albin area, a trough in the water table 
is located mostly between two irrigation wells and extends northeast 
from about the southeast corner of T. 17 N., R. 63 W. to about the NE 
corner of sec. 28, T. 17 N., R. 62 W. This trough is an area of decline 
caused by pumping during the irrigation season and is probably not 
permanent.

Fluctuation

The water table fluctuates in response to changes in storage of the 
aquifer. When recharge exceeds discharge, ground-water storage is 
increased and the water table rises. Conversely, when discharge exceeds 
recharge, ground-water storage decreases and the water table declines. 
To define fluctuations of the water table in the Albin area, water 
levels were measured monthly in 18 wells and continuously by a graphic 
water-stage recorder in well 16-60-6bba.
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The hydrograph for well 17-60-30dad, an irrigation well located 
south of Albin in the upper reaches of the northern Ogallala channel 
deposits, shows the water-level fluctuation in a pumped well (fig. 8). 
The record indicates an annual decline in the water table at this 
location. The annual decline during 1974 is larger than in previous 
years primarily because of an increase in pumping from these channel 
deposits of about 74 percent in 1974 compared with pumping in 1973, and 
partly because of a decrease in precipitation during 1974.

Well 17-60-34cbb, southeast of Albin, is downgradient from seven of 
the nine irrigation wells pumping from the northern Ogallala channel 
deposits. The hydrograph for this well (fig. 8) shows a water-table 
decline that probably resulted from ground-water withdrawals upgradient. 
The water level in well 17-60-34cbb was about 7 ft (2 m) lower in 
September 1974 than in September 1964 before irrigation development. 
This decline probably began during or after the 1971 irrigation season 
when ground-water withdrawals increased considerably over previous years 
(fig. 6). About 4 ft (1 m) of decline can be attributed to increased 
pumpage during 1974. Pumpage of the irrigation wells in this channel 
deposit southeast of Albin increased 55 percent in 1974 as compared to 
1973.

Well 16-60-6bba, southwest of Albin, is along the northern edge of 
the central channel deposits and east of most of the irrigation wells 
withdrawing water from these channel deposits. This observation well is 
equipped with a graphic water-stage recorder. The hydrograph shown in 
figure 8 was plotted by using the highest water level on the first and 
fifteenth of each month. The slight decline of the water level in this 
well is probably the result of ground-water pumpage upgradient.

At well 16-61-14bbc, near the edge of the central channel deposits 
southwest of Albin, water-level measurements made in September 1964 
before ground-water development were about 4 ft (1m) higher than ones 
made in September 1974.

Water-level declines in the northern and part of the central channel 
deposits between the spring of 1972 and the spring of 1975 are given in 
the following table:

Well number Channel deposit location Water-level decline (ft)

17-60-28ccc northern 6
17-60-30dad northern 3
17-60-33bcc northern 6
17-60-34cbb northern 5
16-61-15bbd central 3
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Because of a need for better water-level data in the northern and 
central channel deposits, an observation well equipped with a water-level 
recorder was installed during May 1975 by the Wyoming State Engineer in 
each of the channel deposits. Well 17-60-33cbb was drilled south of 
Albin in the northern channel deposits, and well 16-60-7bbb was drilled 
southwest of Albin in the central channel deposits. Digital water-stage 
recorders were installed on each well to record the water-level changes.

In the west half of the Albin area, no significant water-level 
changes have occurred except for seasonal water-level fluctuations near 
irrigation wells.

Chemical Quality of the Ground Water

Chemical-quality data for ground water in the Albin area are given 
in table 2. These samples were collected in order to determine the 
general quality of the ground water in the Albin area and to serve as 
background data for possible future changes in ground-water quality. 
Analyses of some ground-water samples collected before 1972 are included 
to supplement the data.

No changes in ground-water quality are evident from a comparison of 
data collected before irrigation began with data collected in 1972. To 
determine any future changes in ground-water quality, the same wells 
should again be sampled. In the Albin area, because the depth to water 
in most of the irrigated areas is greater than 150 ft (46 m), in the 
Albin area, changes in ground-water quality due to irrigation are not 
expected in the near future. For a discussion of the chemical quality 
of water see Lowry and Grist (1967, p. 50-57).

Summary and Conclusions

Irrigation wells in the Albin area are developed in either the 
Arikaree or Ogallala Formations, or in both. The chances of getting a 
well that yields 500 gal/min (32 1/s) or more from the Arikaree are 
improved if the formation is fully penetrated and the well is carefully 
developed. Because of the fine grained, loosely to moderately cemented 
sandstone of the Arikaree, careful well development is necessary to 
stabilize the sand around the well so that the well will yield the 
maximum amount of water that is free of sand.
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Most of the irrigation wells in the Albin area are in coarse-grained 
deposits of the Ogallala Formation that were deposited in channels eroded 
in the Brule and the Arikaree Formations. These channel deposits are 
heterogeneous and at places are extremely permeable. The transmissivity 
of 93,600 (ft 3 /d)/ft [8,700 (m3 /d)/m] obtained from an aquifer test at 
well 17-60-33dbbl is probably higher than the average value for all the 
Ogallala channel deposits. However, transmissivities of at least 15,000 
(ft 3 /d)/ft [1,400 (m3 /d)/m] can probably be expected for most of the 
Ogallala channel deposits with a saturated thickness of at least 100 ft 
(30 m). Test drilling could be used to locate sites for irrigation 
wells in the Arikaree or the Ogallala Formations.

Water-table declines have occurred principally in the channel 
deposits in the Albin area. In the northern channel deposits southeast 
of Albin, the water table was about 7 ft (2 m) lower in September 1974 
than in September 1964 before irrigation development. Most of the 
water-table decline, about 4 ft (1 m), occurred during 1974 when pumpage 
increased. In the central channel deposits southwest of Albin, the 
water table was about 4 ft (1 m) lower in September 1974 than in 
September 1964., Because ground water is being pumped from storage in 
the channel deposits, causing water-table declines, continued monitoring 
of water levels is advisable, using the established observation well 
network.

No changes in ground-water quality are evident from a comparison of 
data collected before irrigation began with those collected in 1972. 
Changes in ground-water quality due to irrigation are not expected in 
the near future. However, to best determine any future changes in 
ground-water quality, the wells sampled in 1972 should be resampled 
periodically.

GEOHYDROLOGY OF THE LA GRANGE AREA

Rocks exposed in the La Grange area (fig. 9) are as follows: The 
Lance Formation of Late Cretaceous age, the Chadron and Brule Formations 
of the White River Group of Oligocene age, the Arikaree Formation of 
early Miocene age, the terrace deposits of Pleistocene age, and the 
alluvium of Pleistocene and Holocene age.

The Lance, Chadron, and Arikaree Formations are not important to 
this study because they are not significant aquifers in the La Grange 
area. The Arikaree yields water only to stock and domestic wells where 
the Arikaree forms the upper part of Sixtysix Mountain and where it is 
exposed along the southern boundary of the La Grange area.
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The terrace deposits east and southeast of La Grange are virtually 
dry (located above the water table) but are of interest because they 
represent deposition by Horse Creek and Bear Creek along their former 
stream drainages. Before the Goshen Hole lowland was eroded, Bear Creek 
flowed into Horse Creek, and Horse Creek flowed eastward into Pumpkin 
Creek in Nebraska. During this time the terrace materials were deposited, 
As the erosion of Goshen Hole continued southward, the headwaters of 
streams receded southward also until they intercepted, or captured, Bear 
Creek and then Horse Creek and diverted their flow into Goshen Hole. 
The former courses of Bear Creek and Horse Creek can be approximated by 
extending the stream courses of each creek as they are now shown in 
figure 1 eastward from the point where the creeks bend north. As the 
erosional processes continued in Goshen Hole, the terrace deposits were 
drained. Although the terrace deposits are dry, water from precipitation 
moving through their coarse materials provides for a larger amount of 
recharge to the Brule than is available in areas where the Brule is not 
overlain by permeable deposits.

All the irrigation wells in the La Grange area obtain water from 
either the Brule Formation or the alluvium, or both. Thus, only the 
aquifer characteristics of the Brule and the alluvium will be presented.

Brule Formation 

Distribution and Character

The Brule Formation of the White River Group is exposed along parts 
of the valleys of Horse Creek and Bear Creek in the La Grange area. The 
most prominent and extensive exposures of the Brule are at the bases and 
in the lower slopes of the escarpments along the southern boundary of 
Goshen Hole and Sixtysix Mountain northeast of La Grange.

In the La Grange area, Sixtysix Mountain is a conspicuous land 
form that is a remnant of an upland that extended as a narrow ridge 
between the North Platte River, about 30 mi (48 km) north of La Grange, 
and the former Horse Creek-Pumpkin Creek valley. That part of the 
Brule Formation exposed along the escarpments of Sixtysix Mountain, 
beneath the capping Arikaree Formation, represents the upper part of the 
Brule and is a relatively uniform deposit of moderately well-consolidated 
silt and very fine grained sand.
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The part of the Brule Formation from which most of the irrigation 
wells in the La Grange area are getting their water is typically a 
massive, very light pinkish-gray or pinkish-brown, moderately hard, 
brittle, argillaceous siltstone. No particle-size analyses were made of 
samples of the Brule from the La Grange area. However, Denson and 
Bergendahl (1961) made particle-size analyses of about 100 samples from 
10 measured sections of their White River Formation in southeastern 
Wyoming and adjacent areas of Nebraska and Colorado and stated (1961, 
p. C170), "In general, these rocks consist of 65 to 85 percent silt and 
5 to 25 percent very fine grained sand embedded in a matrix of clay-size 
particles," indicating that "these rocks are remarkably uniform in grain 
size over wide areas." Denson and Bergendahl (1961) considered the 
White River of formation rank and did not differentiate the rocks into 
the Chadron and Brule Formations of the White River Group. However, 
judging from the locations where their samples were collected, probably 
most of their samples were representative of the upper unit of their 
White River Formation, or Brule Formation in this report. Rapp and 
others (1957, p. 32-33) made particle-size analyses of six samples of 
the Brule from Goshen County. In these samples, the percentage of silt 
ranged from 53.8 to 77.6 and averaged about 70. The percentage of clay 
ranged from 14.1 to 23.8. Both the analyses of Denson and Bergendahl 
and those of Rapp and others indicate the Brule is composed mainly of 
silt with varying amounts of clay and sand. Thus, the term "Brule Clay" 
often used by some drillers and others is generally inaccurate; the 
Brule locally may be sandy or clayey but is basically a siltstone.

Secondary Permeability and Porosity

Successful irrigation wells drilled in the Brule Formation must 
penetrate zones of secondary permeability because the Brule, composed 
mostly of silt-sized particles, otherwise is generally impermeable and 
yields little water to wells. The permeability of a porous material is 
its capacity for transmitting a fluid. The degree of permeability 
depends upon the size, shape, and extent of the interconnection of pore 
space. Secondary permeability generally results from fracturing or 
chemical solution after deposition form interconnected voids in the 
formation.
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Early investigations attributed the secondary permeability in the 
Brule Formation to fissures, joints, and fractures. Lowry (1966) 
thought a better explanation of the locally high secondary permeability 
of the Brule Formation was a geomorphic agent known as piping. Piping is 
the process by which subterranean channels or pipes are developed by 
surface erosion of relatively insoluble, incoherent clastic rocks such 
as the Brule Formation. Parker (1963) listed the following basic 
essentials for the formation of pipes: 1) Water enough to saturate some 
part of the soil or bedrock above base level; 2) hydraulic head to move 
the water through a subterranean route; 3) presence of a permeable, 
erodible soil or bedrock above base level; and 4) an outlet for flow. 
Parker stated that in practically all piped soils and rocks a swelling 
clay, montmorillonite, was usually present. The Brule contains varying 
amounts of montmorillonitic clay. The swelling clays, when wet, are 
vulnerable to erosion by moving water because they become highly 
dispersed, slick, plastic, and noncohesive. Thus, even in slowly moving 
water such as that which seeps through fractures in rocks, wet clay 
platelets and silt-size fragments will wash away in suspension (Parker, 
1963). It is possible that before deposition of the alluvium in the 
La Grange area conditions were favorable for the development of pipes in 
the Brule.

Although not given as total explanation for secondary permeability 
of the Brule Formation, solution activity was mentioned by Grist and 
Borchert (1972, p. 21) to be an important factor. Carbonate and 
bicarbonate compounds are the most soluble minerals in the Brule. 
Nineteen samples of Brule were collected from test holes and analyzed 
for carbonate content. The analytical procedure used by Grist and 
Borchert (1972) was such that primarily carbonates and bicarbonates were 
dissolved and measured as part of the carbonate content. The range in 
carbonate content (percent CC>3 equivalents by weight) was from 1.80 to 
13.70 percent. The range of values given is probably realistic for the 
Brule Formation. Denson and Bergendahl (1961, p. C170) showed average 
percentage of calcium carbonate for ten samples to range from 20 to 31 
percent. It is not known if Denson and Bergendahl considered all acid- 
soluble materials in each sample as calcium carbonate. The presence of 
soluble minerals in the Brule indicates that development of secondary 
permeability in the Brule could have been, at least in part, assisted by 
solution activity.

A downhole television camera was used to study the secondary 
permeability of the Brule Formation in southeastern Wyoming. The Brule 
was examined in 10 wells in southeastern Laramie County (Grist and 
Borchert, 1972) and in well 20-61-35aab in the La Grange area. All 
these wells were cased only through the overlying unconsolidated material 
and completed as open holes in the Brule Formation. Openings of various 
sizes and shapes were revealed; some resembled tubes or caverns (Grist 
and Borchert, 1972, p. 20). Only a few of the openings appeared to be 
associated with fracturing. Openings such as seen in the other wells 
were not revealed by the television camera in well 20-61-35aab in the 
La Grange area.
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Openings in the Brule were seen by the television camera as 
previously described and by a borehole televiewer as described in the 
following paragraphs. These openings should be described as secondary 
porosity because it is not known whether the openings are interconnected. 
The secondary porosity of a formation is its property of containing 
interstices or voids which developed after deposition. Zones of secondary 
porosity or actually secondary permeability, which yield large amounts 
of water to wells in the La Grange area, are described by drillers as 
zones of broken hardpan, creviced hardpan, and broken Brule. Drillers 
report angular chunks of Brule coming from these zones. Drillers have 
encountered these zones in several wells from 40 to 60 ft (12 to 18 m) 
and from 90 to 110 ft (27 to 34 m).

During this study, W. S. Keys, Chief of Borehole Geophysics Research 
project, U.S. Geological Survey, tested an acoustic borehole televiewer 
in wells 19-61-13baa and 20-61-35aab. This logging tool takes an 
acoustic picture of the borehole wall as it is continuously moved up the 
borehole. The resulting log or picture is a reproduction of the entire 
360 degrees of the borehole wall as if it were split vertically at 
magnetic north and laid flat.

A photograph of a portion of the televiewer log from 38 to 50 ft 
(12 to 15 m) for well 19-61-13baa is shown in figure 10. Interpreta 
tions of the following features on the televiewer log have been made by 
Keys (written commun., 1974). One feature, the diagonal pattern, shown 
from 38 to 43 ft (12 to 13 m) is present along the total depth of the 
borehole except for the section from 43 to about 49 ft (13 to 15 m). 
This pattern is probably due to "rifling" caused by slow turning of the 
drill bit as it was withdrawn from the hole. A second feature is the 
vertically aligned dark or continuous dark bands shown on figure 10 from 
about 40 to 44 ft (12 to 13 m) and throughout most of the televiewer 
log. This feature is due to the eccentricity of the borehole.

Features interpreted as secondary porosity in figure 10 are at 
depths of 40.2, 43.6, 46.4, and 49.3 ft (12.3, 13.3, 14.1, and 15.0 m). 
At these depths the secondary porosity appears to be fairly continuous 
all around the borehole and to have developed along horizontal bedding 
planes. Other secondary porosity features similar to those shown in 
figure 10 were seen on the televiewer log at depths of about 65 and 81 
ft (20 and 25 m). Other features interpreted as secondary porosity from 
the televiewer log were at depths of about 61, 69, and 71.5 ft (19, 21, 
and 21.8 m). At about 43.5 ft (13.3 m) and 80 ft (24 m) there appears 
to be large irregular cavities located mostly in the southeastern to 
southwestern part of the borehole. Because there are dark areas due to 
the eccentricity of the hole near the cavities, the interpretation of 
the size of the cavities or even the number of cavities at 43.5 ft 
(13.3 m) is doubtful. The writer did not interpret any features in well 
19-61-13baa as fractures.

32



BOREHOLE TELEVIEWER LOG

it- r**zk: ^ **• ^'-:*- %

E S W

DIRECTION FROM 
MAGNETIC NORTH

CALIPER LOG

--I2.5

-11.5

-12.0

CO
a: 
uj
>-
UJ

13.0-

uT 
o 
< u. 
a:
5
o
z 
<

-I3.5

o
14.0

14.5

m
x 
\-
CL 
UJ 
O

15.0

15.5
HOLE DIAMETER, IN INCHES 

16.9 17.0 17.1 17.2 17.3
L i I I I

43.0 43.2 43.4 43.6 43.8 44.0 
CENTIMETERS

Figure 10.—Photograph of portion of Borehole Televiewer log for 
well !9-6l-l3baa showing secondary porosity in the , 
Brule Formation and caliper log for same interval. 
Photograph was provided by W. S. Keys, U. S. 
Geological Survey.
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The caliper log shown on figures 10 and 11 is a record of the 
average diameter of well 19-61-13baa. Increases in average diameter of 
the well are shown as deflections to the right. The caliper log confirms 
the presence of openings shown on the televiewer log in the interval 
from 40 to 50 ft (12 to 15 m) and at depths of 65 and 81 ft (20 and 25 m). 
Because the caliper tool has only three arms following the wall of the 
borehole, it is possible that some cavities may have been spanned by the 
arms and not logged. The magnitude of the average hole diameter increase 
shown on the caliper log does not show the depth of the cavities, 
because the caliper arms can enter only a short distance into small 
openings.

Horizontal features interpreted as secondary porosity were seen on 
the televiewer log of well 20-61-35aab at depths of 27, 58, 63, and 
67 ft (8, 17, 19, and 20 m). These features were not as obvious as those 
on the televiewer log for well 19-61-13baa. The televiewer log for well 
20-61-35aab only vaguely showed diagonal patterns at depths of 38 to 39 ft 
(about 12 m), 43.5 to 45.5 ft (13.3 to 13.9 m), and 47 to 49 ft (14 to 
15 m). It is not apparent why this diagonal pattern shows up throughout 
most of well 19-61-13baa and only in a few short intervals in well 
20-61-35aab. It may be an indication of slight differences in lithology 
or a difference in drilling technique.

Several geophysical logs, other than the Borehole Televiewer logs 
and the caliper logs, were run in wells 19-61-13baa and 20-61-35aab. 
The primary purpose of running geophysical logs in these wells was to 
determine if the logs would record secondary porosity in the Brule 
Formation. Zones of increased average hole diameter were located by 
caliper logs, and the televiewer log or television pictures were used to 
interpret whether these zones are characterized by secondary porosity. 
At known intervals of secondary porosity, an evaluation was made of the 
response of the geophysical logs. According to W. S. Keys (written 
commun., 1974), "it should be recognized that the response of most 
geophysical logging devices is not unique and core samples are necessary 
to guide log interpretation in each new area. The effect of hole 
diameter on the response of nondecentralized probes may be extreme in 
wells as large as the ones logged for this study. The gamma, gaimna- 
gamma, and neutron logs will all show this kind of error." Before the 
televiewer logs were run, caliper, natural-gamma, and gamma-gamma logs 
were run in well 19-16-13baa.
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The natural-gamma log often indicates clay content of sediments, 
because radioactive elements are generally concentrated in clays. 
Increased natural gamma radiation can also be caused by the presence of 
volcanic ash. The Brule Formation is basically a siltstone with varying 
amounts of montmorillonitic clay, very fine sand, and fine volcanic ash 
(Denson and Bergendahl, 1961, p. C170). In well 19-61-13baa, the interval 
from 38 to 50 ft (12 to 15 m) (fig. 10) has the greatest concentration 
of secondary porosity features in the hole. About half [43-49 ft 
(13-15 m)] of this interval does not show the diagonal pattern seen in 
the rest of the hole, which might infer a different lithology. The 
interval from 38 to 50 ft (12 to 15 m) appears fairly uniform on the 
gamma log and has a higher gamma count rate than the average for the 
hole (fig. 11). This interval could be interpreted as having a higher 
than average clay content for the hole. A higher clay content in the 
interval 38 to 50 ft (12 to 15 m) is confirmed by the following driller's 
log for well 19-61-13baa:

Soil.
Gravel and boulders.
Sticky clay with some brittle Brule clay.
Brule clay—quite a bit granular and a

little sticky and some broken clay. 
90-168 Not available.

Peaks on the gamma log at 61, 67, and 80-83 ft (19, 20, and 
24-25 m) are greater than the average gamma count rate for the total 
log. These approximately correlate with known depths of secondary 
porosity. Other peaks in gamma count rate are recorded at depths ' 
greater than 83 ft (25 m) where no secondary porosity features were 
interpreted on the televiewer log. The peaks of natural-gamma count 
rate recorded on the gamma log could have resulted from concentration of 
radioactive elements deposited in zones of secondary porosity as a 
result of solution activity or by concentrations of volcanic ash. Thus, 
development of secondary porosity could be related to clay or ash beds.

Increased gamma-gamma count rate, from about 42 to 49 ft (13 to 
15 m) (fig. 11), is probably a result of a combination of higher porosity 
and greater hole diameter at zones of secondary porosity. The log 
amplitude recorded for the interval 42 to 49 ft (13 to 15 m) on the 
gamma-gamma log correlates with the secondary porosity on the televiewer 
log in the interval 38 to 50 ft (12 to 15 m). Correlation between the 
gamma-gamma log and secondary porosity features interpreted on the 
televiewer log at other depths is not as apparent. Small peaks on the 
gamma-gamma log are at about 60, 65, 69, and 81 ft (18, 20, 21, and 
25 m) and at several greater depths. The smaller peaks could be the 
result of thin zones of relatively high porosity because the response of 
the gamma-gamma probe is an average of the bulk density over a vertical 
interval of about 1 ft (0.3 m). Futhermore, an increase in recorded 
count rate would probably result if the gamma-gamma probe moved away 
from the wall of the hole (W. S. Keys, written commun., 1974).
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In well 20-61-35aab, the following geophysical logs were run: 
Caliper, natural gamma, gamma-gamma, spontaneous potential (SP), single 
point resistance, neutron, temperature, and impeller flowmeter logs. 
The caliper log did not show any changes in average hole diameter. At 
various depths in the hole, the gamma, SP, and neutron logs seem to 
indicate similar lithology. Some features on the televiewer log appear 
to be similar to those in well 19-61-13baa, indicating secondary porosity 
in this well. W. S. Keys (written commun., 1974) noted that the gamma- 
gamma log and the neutron log show anomalies that correlate with some of 
the secondary porosity features shown on the televiewer log and some 
that do not correlate. It is possible that the secondary porosity in 
this hole is more randomly distributed rather than horizontally distributed 
along bedding planes as indicated in well 19-61-13baa. The variable 
background on the televiewer log, due to roughness of the wall of the 
hole, makes a random pattern of secondary porosity impossible to see. 
The temperature log showed no change in temperature of the water in the 
hole, and the flowmeter did not detect any flow in the hole.

Secondary porosity in the Brule Formation might be determined 
better if in addition to the logs run in well 19-61-13baa, SP, resistance 
and neutron logs were run. A more reliable response would be provided 
by logs run with decentralized tools. Along with the geophysical logs, 
cores taken during drilling of the holes, or sidewall samples from zones 
of secondary porosity, are necessary to adequately interpret the logs.

Hydraulic Properties

Aquifer tests were made at wells 19-61-9dbbl and 19-61-llabc to 
determine the hydraulic properties of the Brule Formation. Data from 
these aquifer tests were analyzed by the Theis nonequilibrium formula 
(Theis, 1935) and the Theis recovery formula (Theis, 1935). The values 
of transmissivity obtained by the two analyses for both aquifer tests 
compared favorably. The following table lists the average results for 
the two aquifer tests:

Location of
Location of observation well Length Date 
pumped well from Transmissivity Storage of test

pumped well f(ft 3 /d)/ft] coefficient test started 
(ft)________ ______________(hrs)

19-61-9dbbl

19-61-llabc

——

50 (northwest)

800 (west)

———

77,100

67,400

83,800

104,600

— —

1.0X10"^

7.0X10^

———

24 5-21-73

1.4 11-15-72
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Alluvium 

Distribution and Character

The alluvium consists of valley-fill deposits in the vicinity of 
La Grange and flood-plain deposits extending along most of Horse Creek 
and its principal tributary, Bear Creek. For the purposes of this 
report, the valley-fill and flood-plain deposits are mapped together as 
alluvium (fig. 9) and not considered separately.

The alluvium covers an area near La Grange about 6.1 mi (9.8 km) 
wide by 9.8 mi (16 km) long. It was deposited mostly on the Brule 
Formation except in the northern part of the area where it overlies the 
Lance Formation. The alluvium consists mostly of sand and gravel with 
abundant fragments of pink feldspar, lenses of silt and clay, and 
siltstone pebbles. The thickness of the alluvium ranges from a few feet 
at the edge to about 60 ft (18 m) in the SW%, sec. 33, T. 20 N., R. 61 W,

The area of greatest saturated thickness of alluvium northwest of 
La Grange seems to form a basin as contoured on figure 9. Surface- 
resistivity soundings provided additional control for determining the 
thickness of the alluvium in sec. 27 and 34, T. 20 N., R. 61 W. The 
saturated thickness map was constructed by superimposing the contour 
map of the top of the Brule Formation and the water-table contour map. 
The control points on figure 9 have been omitted for clarity.

Hydraulic Properties

Aquifer tests of the alluvium were analyzed by the Theis non- 
equilibrium formula (Theis, 1935) and Jacob's modified nonequilibrium 
formula (Jacob, 1950). The results are listed in the following table:

Location of
Location of observation well Length Date 
pumped well from Transmissivity Storage of test

pumped well [(ft 3 /d)/ft] coefficient test started 
(ft) _____ (hrs)

19-61-4cdd4

20-61-33cdd2

———

158 (west)

288 (west)

———

30,700

34,500

50,200

17,200

——— 30 3-12-73

4. 7X10" 3

1.9X10"2

——— 1.5 11-14-72
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Because of a major snowstorm during the aquifer test at well 
19-61-4cdd4, recovery data were not obtained for any wells except the 
observation well equipped with a graphic water-stage recorder. Thus, 
most of the transmissivities were calculated from analyses of the draw 
down only. After about 150 to 200 minutes, the rate of drawdown in the 
pumped well and in the observation wells increased as a result of the 
cone of depression reaching the Brule Formation south of the test site. 
Because the Brule in this area has low permeability, it acts as a 
hydrologic barrier boundary resulting in change of the relationship 
between time and rate of drawdown. The approximate location of this 
boundary was calculated, using image-well theory (Ferris and others, 
1962, p. 161-166), to be about 250 ft (76 m) from the pumped well, which 
is about the distance to the alluvium-Brule contact.

Determination of the hydraulic properties of the alluvium was based 
on the early drawdown data before the boundary conditions affected the 
analysis (Ferris and others, 1962, p. 161). The high transmissivities 
obtained from this test are representative of the aquifer properties and 
not of the aquifer conditions that will affect a pumping well. Driller's 
logs of the pumping well and the two observation wells indicate the 
alluvium at the test site consists predominantly of gravel, but coarse 
sand and boulders 8 in (203 mm) in diameter also were encountered. Althougl 
the transmissivity is high at this location, the boundary conditions 
south of this site restrict the expansion of the cone of depression 
southward, causing the water to move toward the well predominantly from 
only a portion of the cone of depression and from greater distances. 
Thus, well yields in this area are less and drawdowns are greater than 
for a well pumping from an aquifer of great areal extent with the same 
hydraulic properties as determined for this site. Because of the effects 
of the boundary, specific capacities should not be estimated from the 
transmissivities given in the preceding table for well 19-61-4cdd4 and 
the nearby observation wells.

The storage coefficients computed are much less than the actual 
specific yield of the aquifer because gravity drainage was not complete 
at the end of the 30-hour test. Specific yield is the quantity of water 
that a unit volume of the aquifer will give up when drained by gravity. 
In a water-table aquifer, specific yield is equal to the storage coeffi 
cient.

The transmissivity calculated from the aquifer test at well 
20-61-33cdd2 is a reasonable value for the alluvium. Drillers' logs for 
this well and other wells nearby indicate the alluvium at this location 
consists predominantly of sand and medium to large gravel with fine sand 
and boulders also encountered. The transmissivities obtained at well 
19-61-4cdd4 and well 20-61-33cdd2 should be regarded as representative 
of the alluvium only in the vicinity of the test sites. This is because 
the saturated thickness and hydraulic conductivity can vary considerably 
from one site to another.
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Irrigation Development

The use of surface water for irrigation in the La Grange area dates 
back to the 1880's and 1890's when territorial water rights were 
adjudicated by the courts. Surface water in the La Grange area is 
obtained only by direct diversion from Horse Creek and Bear Creek. All 
major surface-water diversion rights now in use on Horse Creek and Bear 
Creek in the La Grange area were filed and adjudicated before 1900. 
Alfalfa and native hay were the principal crops irrigated. Horse Creek 
and Bear Creek are now fully appropriated streams.

Hawk Springs, at the west end of Sixtysix Mountain, was referred to 
by Adams (1902, p. 27) as "perhaps the largest so-called spring in the 
Goshen Hole Country." Hawk Springs was located on his geologic map at 
about 20-61-9dbd and was described as a locality where the ground was 
seepy, with water rising at a number of places. Adams (1902, p. 28) 
speculated that Hawk Springs was the discharge point for ground water 
which flowed in a natural channel in the alluvium. Hawk Springs was 
inundated in 1908 when Hawk Springs Reservoir was built to furnish water 
to landowners north of the La Grange area. Most of the water in Hawk 
Springs Reservoir is surface water diverted from Horse Creek. Since 
1966, ground water from wells in sees. 15 and 22, T. 20 N., R. 61 W., 
has been pumped to supplement the surface-water supply for Hawk Springs 
Reservoir.

The first irrigation wells were drilled in 1936 in the alluvium. 
Early irrigation was mostly done by gravity (ditch and row, and flood 
methods). Before 1962 all the irrigation wells, except three, were 
located west of Horse Creek. The first center-pivot sprinkler irrigation 
system was installed in 1962. More than half of the irrigation wells 
drilled since 1962 are used with center-pivot sprinkler systems. In 
this section of the La Grange area, the term "irrigation wells" refers 
to the wells that supply water to irrigate lands in the La Grange area. 
Thus, the Horse Creek Conservation District wells are considered 
separately because they supply water to Hawk Springs Reservoir for use 
north of the La Grange area. The following table gives the number of 
new irrigation wells completed per year and the irrigaton method used. 
The data in this table were compiled using records at the Wyoming State 
Engineer's office, information from owners, and field inspections.
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Number of new irrigation 
Year wells completed and method 

of irrigation used a/

Gravity Sprinkler

Cumulative 
number 
of new 

irrigation
wells 

completed

Horse Creek
Conservation

District wells

1936

1939

1941

1949

1950

1955

1958

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

2

^1 (2)

1

1

3

1

5

1

2

—

1

—

1

3

—

2

1

1

—

—

2

5

2

11

9

2

2

3

4

5

8

9

14

16

18

21

22

24

30

35

46

57

60

61

62

62

TOTALS 26 36

a/
— Method of irrigation first used after well was drilled.

— Two wells drilled; however, one has been abandoned since 1939.
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Surface Water

Horse Creek has its headwaters in the Laramie Mountains; it is a 
tributary to the North Platte River about 30 mi (48 km) north of 
La Grange. The Horse Creek drainage area is about 680 mi2 (1,760 km2 ). 
Daily discharge was recorded from November 1, 1915 to April 4, 1920 at a 
gaging station, Horse Creek at La Grange, located in SW^SW% sec. 34, 
T. 20 N., R. 61 W. More recently a gaging station, Horse Creek at 
Wycross Ranch, was operated at 20-61-28bca from October 1965 through 
December 1973. At this latter gaging station, for the 8-year period of 
record, the mean daily discharge was 26.5 ft 3 /s (0.750 m3/s), which 
amounts to about 19,200 acre-ft/yr (23.7 hm3 /yr). The annual discharge 
of Horse Creek at Wycross Ranch represents water from the Horse Creek 
watershed and also from the Bear Creek watershed. Except for extreme 
high flows, after diversion rights are satisfied, water available in 
Bear Creek is diverted into Horse Creek through the Wycross Ditch. The 
following table lists discharge information for the gaging station Horse 
Creek at Wycross Ranch for the water years (October 1 to September 30) 
1966-73 (U.S. Geological Survey, 1966-73, pt. 1).

Annual
Water Mean daily Maximum daily Minimum daily volume 
Year (ft 3 /s) (ft 3 /s) (ft 3 /s) (acre-ft)

1966 20.8 284 0.6 15,090
1967 27.2 258 1.8 19,720
1968 27.9 143 1.9 20,270
1969 14.9 77 .14 10,800
1970 22.9 154 .31 16,560
1971 31.9 150 1.2 23,080
1972 17.8 94 1.1 12,950
1973 48.6 215 1.9 35,210

The annual discharge at the gaging station, Horse Creek at Wycross 
Ranch, although affected by precipitation and transfer of water from 
Bear Creek, is mostly affected by irrigation diversions in the La Grange 
area. The decrease of annual streamflow in 1969 (fig. 12) may have been 
partly caused by a slight decrease in precipitation; however, most of 
the decrease was probably caused by the diversion of larger than usual 
amounts of surface water. Water is diverted by Horse Creek No. 1 Ditch 
from Horse Creek to recharge the aquifers northeast of La Grange. 
Ground-water pumpage by irrigation wells, particularly by wells northeast 
of La Grange, increased markedly in 1969 (fig. 13). In the area northeast 
of La Grange, ground-water pumpage was increased by the installation of 
6 new irrigation wells. This increase in pumpage resulted in greater 
than normal amounts of surface water diverted by Horse Creek No. 1 
(James Ward, oral commun., 1975), beginning in 1969, to provide water 
for recharging the aquifers where increased pumpage had occurred. Thus, 
the decrease of annual streamflow in 1969 and probably in 1972 were 
mostly caused by increased irrigation diversions.
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In the vicinity of La Grange, there are three diversions from Horse 
Creek above the gaging station at Wycross Ranch. These diversions shown 
in figure 14 are the Brown and La Grange, Horse Creek No. 1, and Lowe 
Cattle Co. No. 1 Ditches. Water diverted by Horse Creek No. 1 Ditch 
flows about 1 mi (1.6 km) north and 3 mi (4.8 km) east to Pasture Reservoir 
in the NW% sec. 31, T 20 N., R. 60 W. This water recharges the alluvium 
and underlying Brule Formation in the southeast part of T. 20 N., 
R. 61 W. Water diverted by the Brown and La Grange and the Lowe Cattle 
Co. No. 1 Ditches is used for irrigation of crop lands. The following 
table lists the available diversion data estimated for these Horse Creek 
diversions from 1971 to 1973. These data were collected and furnished 
by James Ward, Hydrographer-Commissioner for the Wyoming State Engineer's 
office.

Estimated annual volume 
of water diverted

(acre-ft)_________
Ditch 1971 1972 1973 1974

Brown and La Grange 1,140 5,470 5,460 7,770

Horse Creek No. 1 -/—— 3,460 1,920 1,450

Lowe Cattle Co. No. 1 280 1,940 3,460 3,830
a/
— Sufficient diversion data were not available on which to

estimate annual volumes of water diverted.

The Hawk Springs Ditch is a diversion on Horse Creek downstream 
from the gaging station at Wycross Ranch. During late fall, winter and 
spring, water is diverted through this ditch from Horse Creek into Hawk 
Springs Reservoir. During the fall and winter of 1972 and the spring of 
1973, sufficient water was diverted through Hawk Springs Ditch to fill 
Hawk Springs Reservoir to its peak capacity of 16,740 acre-ft (20.63 hm3 ) 
by April 12, 1973. This was reported to be the earliest date that Hawk 
Springs Reservoir was filled to capacity in at least 22 years (James 
Ward, written commun., 1974). Reservoir data for the early part of 1974 
show that the reservoir reached its peak capacity in January, 3 months 
earlier than in 1973.
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In the La Grange area, the Babbitt and the Lowe Cattle Co. No. 2 
Ditches divert water from Bear Creek and the Van Alton Ditch carries 
water from Bear Creek to land inside the La Grange area (fig. 14), 
although the point of diversion is located upstream of the report area. 
The Lowe Cattle Co. No. 2 Ditch has the number one priority on water 
from Bear Creek. After this diversion right and upstream diversion 
rights are satisfied, except for extreme high flows, Bear Creek is 
diverted into Wycross Ditch that flows into Horse Creek. The following 
table lists the available diversion data estimated for the Bear Creek 
diversions that carry water onto land within the La Grange area. These 
data were collected and furnished by James Ward, Hydrographer-Commissioner 
for the Wyoming State Engineer's office.

Ditch

Van Alton 

Babbitt

Estimated annual volume

1971
a/0.1 _____

120

590

of water diverted
(acre-ft)

1972 1973

1,800 1,710

2,860 2,140

3,180 2,130

1974

1,770

1,500

3,490Lowe Cattle Co. No. 2

ifficient diver 
estimate annual volumes of water diverted.

a/— Sufficient diversion data was not available on which to

Irrigation Wells

Of the 62 irrigation wells in the La Grange area, 14 produce from 
the alluvium, 28 from the Brule Formation, and 20 from a combination of 
the alluvium and Brule. All of the irrigation wells producing primarily 
from the alluvium are concentrated in sees. 32 and 33, T. 20 N., R. 61 W., 
and sees. 3 and 4, T. 19 N., R. 61 W. (fig. 15). All of these wells are 
less than 1 mi (1.6 km) from either Horse Creek or Bear Creek, and 
about one-third of these wells are less than a quarter of a mile 
(0.40 km) from one of these two streams.

Wells located in sec. 15 and the NE% of sec. 22, T. 20 N., R. 61 W., 
belong to the Horse Creek Conservation District. This district 
manages Hawk Springs Reservoir and supplies water for irrigation to the 
conservation district's member landowners. In order to meet increased 
demands on water from the reservoir, nine wells were drilled during 
1966 through 1969 to supplement the surface-water supply to the 
reservoir. These wells are pumped in the spring when insufficient 
surface water is available to fill the reservoir and from June through 
September when peak irrigation demands occur.
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Yield data and specific-capacity data are listed in table 3 for 
most of the irrigation wells and Horse Creek Conservation District wells 
in the La Grange area. The specific capacity for irrigation wells 
completed only in alluvium ranges from 8 to 59 (gal/min)/ft [2 to 12 
(l/s)/m] with more than half the irrigation wells in the alluvium 
having specific capacities of 25 (gal/min)/ft [5.2 (l/s)/m] or greater.

Specific capacities of irrigation wells producing either from the 
Brule Formation or from both the alluvium and Brule vary considerably in 
different parts of the La Grange area. The specific capacities for 
irrigation wells completed in the Brule northwest and southeast of 
La Grange range from 8 to 19 (gal/min)/ft [2 to 3.9 (l/s)/m], whereas 
those wells northeast of La Grange range from 45 to 131 (gal/min)/ft 
[9.3 to 27.1 (l/s)/m]. The specific capacities for irrigation wells 
completed in both the alluvium and Brule west and northwest of La Grange, 
including wells in sec. 22, T. 20 N., R. 61 W., range from 14 to 
69 (gal/min)/ft [2.9 to 14.3 (l/s)/m], whereas those wells northeast of 
La Grange range from 60 to 230 (gal/min)/ft [12.4 to 47.6 (l/s)/m].

Most of the irrigation wells with the highest specific capacities 
in the La Grange area are those northeast of La Grange and completed in 
the Brule Formation or in both the alluvium and the Brule. The Brule, 
with its secondary permeability and thus high transmissivity, probably 
contributes the majority of the water to the wells resulting in the high 
specific capacities. Alluvium, although unsaturated, overlies the Brule 
in the area where wells are completed only in the Brule and provides a 
recharge area for-the Brule. Irrigation wells drilled in the Brule 
outside the boundaries of the alluvium do not have yields as large as 
most irrigation wells drilled in the Brule in areas where the alluvium 
is present. Secondary permeability in the Brule in the La Grange area 
apparently is associated with ancient drainages and topography.
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Ground-Water Pumpage

Ground-water pumpage in the La Grange area was estimated using the 
same methods as described in the previous section on the Albin area. 
Data on monthly kilowatt hours used were obtained from electric-power 
records of the Rural Electric Association in Lingle, Wyoming. During 
1974 all irrigation wells were pumped using electric power, except for 
three using diesel power.

The growth of irrigation development is illustrated by the in 
creasing annual ground-water pumpage since 1962 (fig. 13). The completion 
of 11 irrigation wells in 1969, the largest number installed in a single 
year, resulted in the largest annual increase in pumpage during 1969. 
From 1969 through 1974, ground-water pumpage for irrigation in the 
La Grange area has remained stable (fig. 13). Pumpage data for the Horse 
Creek Conservation District wells is shown separately in figure 13 
because the water pumped from them is used outside the La Grange area.

Ground-water pumpage for irrigation is dependant on the peak 
demands of the crops, temperature, and on the amounts and timing of 
precipitation. The peak ground-water pumpage normally occurs during 
June, July, and August, as shown in figure 16, because this is the 
growing season for the crops grown in the La Grange area. Ground-water 
pumpage in 1973 was less than in 1972 because annual precipitation at 
La Grange during 1973 was 19.10 in (485.1 mm) compared with 14.85 in 
(377.2 mm) in 1972. About 4 in (102 mm) of rain fell during July 1973, 
thus reducing the normal peak ground-water usage during that month. In 
contrast to 1973, annual precipitation at La Grange during 1974 was only 
10.05 in (255.3 mm), the second lowest annual total recorded since 1911. 
The dry year is reflected by an increase in ground-water pumpage in 
1974.
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GROUND-WATER PUMPAGE, IN ACRE-FEET
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Irrigated Acreage

In the La Grange area at the end of 1974 about 10,110 acres (4,.092 
hectares) are being irrigated with surface water and ground water. Of 
this total acreage, 1,290 acres (522 hectares) are along the upper part 
of Horse Creek in Laramie County and about 8,820 acres (3,569 hectares) 
are in Goshen County, mostly in the vicinity of La Grange. In some 
areas, the same acreage is irrigated by both surface and ground water. 
The location of irrigated acreage, diversion ditches, and sources of 
water used (surface or ground water) are shown in figure 14. Of the 
8,820 acres (3,569 hectares) in the Goshen County part of the La Grange 
area, about 4,890 acres (1,979 hectares) are irrigated with ground 
water, about 2,600 acres (1,050 hectares) with surface water, and about 
1,330 acres (538 hectares) with a combination of both ground water and 
surface water. Nearly all the acreage irrigated by ground water is 
irrigated using center-pivot sprinklers, and nearly all the acreage 
irrigated by surface water is irrigated using gravity methods. Center- 
pivot sprinklers are used to irrigate land with surface water in sees. 
21 and 28, T. 20 N., R. 61 W. The acreage irrigated by ground water and 
related surface-water was compiled from maps showing irrigated acreage 
prepared by the Wyoming Water Planning Program and from other informa 
tion furnished by the Wyoming State Engineer's office.

The Water Table 

Configuration

The map showing water-table contours (fig. 15) in the La Grange 
area shows that ground-water movement is generally northward, in the 
direction of the maximum slope of the water table. The steepening 
(closer contour spacing) or flattening (wider contour spacing) of the 
slope of the water table is caused by local variations in transmissivity.

It is assumed that the hydraulic interconnection between the 
alluvium and the Brule Formation is sufficient that one water table 
may be contoured throughout the study area. In the Brule, local 
anomalies in the water-table contours are probably due to variations in 
transmissivity. The water-table high in sec. 5, T. 19 N., R. 60 W., is 
possibly water perched in the Brule due to local differences in per 
meability. Throughout the area, but particularly northeast of La Grange 
where the Brule is known to have secondary permeability, the water-table 
contours depict the water-table configuration and movement only on a 
regional scale. Locally, where there are significant directional 
variations in hydraulic conductivity, ground water may move in the 
direction of greater hydraulic conductivity, which may not be perpen 
dicular to the water-table contours.
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On the water-table contour map of the La Grange area (fig. 15), a 
ground-water divide is shown in the southern part of sec. 29 and northern 
part of sec. 32, T. 20 N., R. 60 W. Control available to the north was 
not sufficient to adequately define the location and extent of this 
divide. Ground water moving northward in sec. 32 does not cross this 
divide but turns eastward toward Pumpkin Creek in Nebraska or westward 
into the alluvium. A gentle topographic divide coincides with the 
location of the ground-water divide. Thus, the configuration of the 
water-table surface is a subdued reflection of the topography.

The configuration of the water table is influenced by Horse Creek 
and Bear Creek in the La Grange area. These streams are flowing 
generally to the north, except where they enter the area from the west. 
In the southern part of the La Grange area in Laramie County, the water- 
table contours indicate that ground water is moving into Horse Creek. 
In sees. 11 and 14, T. 19 N., R. 61 W., water-table contours indicate 
that Horse Creek may be losing water. Adequate water-level data was not 
available to delineate other losing or gaining reaches of Horse Creek 
and Bear Creek.

Fluctuation

The water table in the La Grange area fluctuates in response to 
precipitation, surface-water application, pumpage, and evapotranspi- 
ration. From 1972 through 1974, water levels were measured monthly in 
24 observation wells including two wells equipped with graphic water- 
stage recorders. Water-level fluctuations, in the northern part of the 
La Grange area, were observed primarily in areas where concentrated 
ground-water development has taken place.

Hydrographs for the two observation wells equipped with graphic 
water-stage recorders are shown in figure 17. Both of these wells fully 
penetrate the alluvium and are bottomed in the Brule Formation. Water- 
level changes resulting from different conditions are recorded at each 
of these observation wells.

The water-level fluctuations in well 19-61-4abc are representative 
of fluctuations of the shallow water table in the area between Horse 
Creek and Bear Creek. Fluctuations in this area are caused by evapo- 
transpiration, pumpage, infiltration of surface-water irrigation and 
precipitation, and streamflow in Horse Creek. Diurnal water-level 
fluctuations as large as 0.1 ft (0.03 m) result from evapotranspiration 
during summer months at well 19-61-4abc. Precipitation causes water- 
table fluctuations directly by recharging the aquifer and indirectly by 
influencing pumpage, surface-water irrigation, and the flow of Horse 
Creek. Precipitation during 1973 was about 3.6 in (91 mm) above average, 
and during 1974 it was about 5.4 in (138 mm) below average. The hot, 
dry summer of 1974 caused increased ground-water pumpage and decreased 
surface-water diversion in the La Grange area, which resulted in greater 
water-level declines during the 1974 irrigation season than during 1973. 
Recharge from surface-water irrigation south of well 19-61-4abc is shown 
as small peaks on the hydrograph during the summer.
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Surface-water users in the La Grange area irrigate whenever the 
water is available. After a dry summer, surface water was available in 
October and November of 1974, resulting in late irrigation of croplands. 
Recharge from this irrigation caused the major water-level rise shown on 
the hydrograph in 1974 (fig. 17) during the latter part of November. 
Records of water levels in wells located northwest of well 19-61-4abc 
did not show this water-level rise. Fluctuations of the water table 
caused by precipitation are subdued and concealed on the hydrograph by 
the effects of pumping and surface-water application. Comparison of the 
hydrograph for Horse Creek and the hydrograph of well 19-61-4abc (fig. 17) 
for 1973 show some correlation during March, April, and May. The peak 
in discharge of Horse Creek at the end of July and the sudden rise in 
early September are reflected to a smaller degree by water-level changes 
in well 19-61-4abc. Water levels during the spring of 1975 were about 
2 ft (0.6m) lower than those measured during the spring of 1973 and 
1974. Much of this decline is probably caused by increased pumpage 
during the 1974 irrigation season.

The second observation well equipped with a recorder in the 
La Grange area is well 20-61-23ccc (fig. 17). It is downgradient from 
irrigation wells that pump about one-third of the total annual pumpage 
by irrigation wells in the La Grange area. Evapotranspiration does not 
cause any detectable water-level changes. The water-level fluctuations 
recorded at well 20-61-23ccc are predominantly influenced by precipitation 
(directly and indirectly), ground-water pumpage, and surface-water 
recharge.

Ground-water pumpage by the irrigation wells upgradient of well 
20-61-23ccc was about the same for 1973 and 1974. Lands west and 
southwest of this observation well are irrigated by surface water 
diverted by the Lowe Cattle Co. No. 1 Ditch. Diversions by this ditch 
during June, July, and August of 1973 were greater than for the same 
period in 1974. Surface-water diversions during 1973 by Horse Creek 
No. 1 Ditch to Pasture Reservoir in the NW% sec. 31, T. 20 N., R. 60 W. 
were greater than during 1974. No surface water was diverted by Horse 
Creek No. 1 Ditch during June, July, and August of 1974. The recharge 
from these surface-water diversions plus higher precipitation during 
1973 account for less water-level decline during the 1973 irrigation 
season as compared with water-level decline in 1974. The higher water 
level recorded at well 20-61-23ccc during late November and early 
December of 1974 was due to surface-water recharge from the diversion of 
surface water by Lowe Cattle Co. No. 1 Ditch. Water had not been 
diverted by this ditch during November and December since 1971.
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Water-level fluctuations resulting from surface-water irrigation in 
the area irrigated by the Lowe Cattle Co. No. 1 Ditch are shown on the 
hydrograph of well 20-61-21ddd (fig. 18). This well is an unused irrigation 
well with casing perforated from the surface to its total depth of 27 ft 
(8.2 m). It is completed through the alluvium and a few feet into the 
Brule. The hydrograph for this well shows the water table to be lowest 
during the spring and highest during summer irrigation. A lateral ditch 
fed by Lowe Cattle Co. No. 1 Ditch passes within a few feet of this well 
and accounts for the peaks noted in figure 18. Land irrigated with 
surface water lies to the south and upgradient from well 20-61-21ddd 
(fig. 14). Thus, the water level in this well is affected to a greater 
degree by surface-water recharge than by ground-water pumpage by the 
three irrigation wells in the SW% sec. 22, T. 20 N., R. 61 W.

Surface-water diversions to Horse Creek No. 1 Ditch are used 
primarily to recharge the alluvium and Brule Formation north and 
northeast of La Grange. All the observation wells downgradient from 
Pasture Reservoir, where Horse Creek No. 1 Ditch empties, show water- 
level fluctuations resulting from this recharge. The hydrograph for 
well 20-60-30cbb (fig.18) shows water-level fluctuations similar to 
those measured in wells 20-61-23dbb2 and 20-61-25cbc2. Most of the 
water-level peaks and rises in these three wells occur at about the 
same time that Horse Creek No. 1 Ditch is flowing (fig. 19). These 
wells in and near the trough in the water table delineated by the 
4,490 ft (1,369 m) contour line (fig. 15) show the effects of surface- 
water recharge first. Water-level fluctuations at wells 20-61-23ccc 
(fig. 17) and 20-61-27dda (fig. 20) are more subdued and lag in response 
to surface-water recharge by Horse Creek No. 1 Ditch.

The fluctuation of the water table in the area west of Bear Creek 
is represented by the hydrograph for well 20-61-30bac (fig. 18). The 
water-level fluctuations shown for this well are very similar to the 
fluctuations of water levels measured in wells 20-61-31bcb and 
20-61-31dad.

Well 20-61-35aab is completed in the Brule Formation. This well 
responds to pumping from irrigation wells half a mile (0.8 km) to the 
east and northeast as indicated by large seasonal water-level fluctua 
tions (fig. 18). The response of this well indicates that the zones of 
secondary permeability, from which the irrigation wells are pumping, 
extends to this location. A comparison of the hydrograph for well 
20-61-35aab during 1972 and 1973 with the estimated monthly discharge of 
Horse Creek No. 1 Ditch (fig. 19) shows spring and fall water-level 
rises in the well to correlate with the operation of Horse Creek No. 1 
Ditch. There is no correlation during July and August because the 
diversions into Horse Creek No. 1 Ditch took place only during the last 
half of each month and the influence from irrigation wells pumping in 
the vicinity of well 20-61-35aab was greater than the recharge effect.
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Departure from normal annual precipitation (1941-70) for the period 
1949 to 1974 (U. S. Department of Commerce, 1949-74) is shown on two 
graphs in figure 20. To obtain the 3-year moving-average departure, the 
departure from normal annual precipitation for a year was averaged with 
the departure for the previous year and following year. Using this 
method for each year, the 3-year moving-average departure was calculated 
for the period. The 3-year average departure is useful for showing 
long-term trends. The annual-departure graph often can be used for better 
correlation of water-level hydrographs with precipitation.

Long-term water-level information is available for only three 
observation wells in the La Grange area. The hydrographs for these 
three wells, 19-61-2ccd, 19-61-4cdd2, and 20-61-27dda are shown in 
figure 20. Other than the monthly water-level measurements made during 
1949-51 and 1972-74, most other water-level measurements were made 
either once or twice a year. The hydrographs for these three observation 
wells show a gradual downward trend of the water table throughout most 
of the period from about 1949 to 1969. Much of this decline of the 
water level in these three wells can be attributed to generally below- 
average precipitation. Well 20-61-27dda shows the downward trend most 
clearly from about 1962 to the latter part of 1969. Since 1969, there 
has been a gradual rise in the water level in these three observation 
wells until the water level has returned to nearly the same level in 
1974 as in 1949.

Wells 19-61-2ccd and 19-61-4cdd2 are both completed only in the 
alluvium. Surface water is diverted by the Brown and La Grange 
Ditch and applied to lands upgradient from these wells. During each 
year of 1972 and 1973, about 5 times more water was diverted by the 
Brown and La Grange Ditch than during 1971. Increased recharge to 
the alluvium from this surface-water irrigation plus above-average 
precipitation in 1973 resulted in the water-level rises after 1971 in 
observation wells 19-61-2ccd and 19-61-4cdd2. The rising trend of the 
water table at La Grange after 1971 is shown by the hydrograph for well 
19-61-2ccd (fig. 20). Additional evidence of recharge from surface-water 
irrigation is illustrated by the 5 ft (2 m) water-level rise from May to 
September 1973 in the two irrigation wells located in the north half of 
sec. 10, T. 19 N., R. 61 W.

Well 20-61-27dda is completed in both alluvium and Brule with about 
15 ft (4.6 m) of saturated thickness in the alluvium. From 1962 to 1970 
all but one of the irrigation wells east and northeast of well 20-61-27dda 
were drilled, and over half of them were drilled during 1969 and 1970. 
This resulted in increased ground-water pumpage beginning in 1969 as 
previously shown in figure 13. The increased water-level decline in the 
latter part of 1969 in well 20-61-27dda is probably caused by the 
pumpage increase. Additional water-table declines were averted by 
increased diversions of surface water by Horse Creek No. 1 Ditch to 
Pasture Reservoir after 1969 (James Ward, oral commun., 1975). Thus, 
although pumpage increased in 1969, the water level rose after 1969 in 
well 20-61-27dda (fig. 20) because of increased surface-water recharge 
upgradient.
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Stream-Aquifer Relationship

Ground-water pumpage from the alluvium in the area between and 
adjacent to Horse Creek and Bear Creek could deplete the flow of the 
streams directly by diverting water from the streams to wells, or 
indirectly by intercepting ground water that would otherwise discharge 
into the streams. If the streams are being depleted directly, this 
would occur during and for some time after pumping stops (Jenkins, 1970, 
p. 1); therefore, streamflow measurements made during the pumping period 
should indicate whether the streams are losing water.

Discharge measurements were made along Horse Creek on July 23, 
1973, during a time of low flow due to diversions and when most 
irrigation wells between Horse Creek and Bear Creek were pumping. 
Discharge-measurement data is given in the following table:

Discharge____
Net

Measured Change 
Location (ft 3 /s) (ft 3 /s)

1 - Below Brown and La Grange diversion 3.6
-0.3

2 - At S. S. Ranch (19-61-llbda) 3.3
- .2

3 - Above Horse Creek No. 1 diversion 3.1
-1.7

4 - Below Horse Creek No. 1 diversion 1.4
+5.8

5 - Sherard's Ranch (19-61-3bbb) 7.2

6 - At gaging station at Wycross Ranch —9.9

a/
— The discharge of Horse Creek at Wycross Ranch was computed from

the gage height measured at the gaging station at about the 
same time that the discharge was measured at Sherard f s Ranch.

The net changes of discharge between measurement sites 1 and 2 and 
2 and 3 are small and are not within the accuracy of measurement. 
However, the small net changes between measurement sites 1 and 3 suggest 
that Horse Creek is probably not gaining or losing significant amounts 
of water in the reach.
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Between measurement sites 4 and 5, Horse Creek gained 5.8 ft 3 /s 
(0.16 m3 /s). About 1 ft 3 /s (0.03 m3 /s) of this gain flowed into Horse 
Creek between measurement sites 4 and 5 from a drainage ditch. The 
ditch drains a marsh maintained by ground-water discharge that is probably 
mostly return flow from irrigation. The water table in much of the 
south half of sec. 3, T. 19 N., R. 61 W., is just below or above land 
surface during late summer and early fall. It is reported that this 
condition has become more prevalent in recent years making a larger and 
larger part of the hay meadows in sec. 3 difficult to harvest. The 
water-table build up in approximately the south half of sec. 3 and 
southeast part of sec. 4, T. 19 N., R. 61 W. is a result of both surface 
and ground-water irrigation in the vicinity (fig. 14), especially south 
of Highway 151. The gain in streamflow of 5.8 ft 3 /s (0.16 m 3 /s) 
between measurement sites 4 and 5 indicates that any direct streamflow 
depletion that may be caused by the pumping of well 19-61-3bdb is less 
than ground-water discharge to Horse Creek.

The net change in discharge of Horse Creek between measurement 
sites 5 and 6 was estimated from the discharge at Sherard's Ranch, the 
discharge at the gaging station at Wycross Ranch, and from information 
about the diversions of the Lowe Cattle Co. No. 1 Ditch. The diversion 
for the Lowe Cattle Co. No. 1 Ditch is about half a mile (0.8 km) down 
stream from Sherard's Ranch and upstream of the Wycross Ditch. On 
July 23, no water was diverted by the Wycross Ditch into Horse Creek. 
Assuming that Lowe Cattle Co. No. 1 Ditch did not divert any water from 
Horse Creek on July 23, the minimum gain in streamflow between measure 
ment sites 5 and 6 or the difference between the flow at Sherard's Ranch 
and the flow at the gaging station is 2.7 ft 3 /s (0.08 m 3 /s). However, 
the hydrographer-conmissioner working in the La Grange area, James Ward, 
reports (oral commun., 1974) that the Lowe Cattle Co. No. 1 Ditch 
normally diverts all of the flow of Horse Creek during the irrigation 
season. Assuming that this ditch was diverting all the water in Horse 
Creek on July 23, then Horse Creek gained about 9.9 ft 3 /s (0.28 m 3 /s) 
between the diversion and the gaging station at Wycross Ranch. This 
gain in streamflow compares favorably with a gain of 4 to 5 ft 3 /s (about 
0.1 m 3 /s) estimated by James Ward (oral commun., 1974) for the same 
reach when all the flow of Horse Creek is diverted by Lowe Cattle Co. 
No. 1 Ditch. Therefore, between measurement sites 5 and 6, Horse Creek 
gained from 2.7 to 9.9 ft 3 /s (0.08 to 0.28 m 3 /s) during the 1973 
irrigation season.

Discharge measurements of Horse Creek during July 1973 indicate 
that Horse Creek below Horse Creek No. 1 Ditch was not being depleted 
appreciably by pumping. There is no indication of decline in the water 
table near the stream. Recharge from precipitation and surface-water 
irrigation has maintained the water-table gradient toward the streams. 
This is indicated by streamflow gains in some reaches of Horse Creek and 
water-level measurements in wells near the stream as previously described 
in the section on Fluctuation and shown by the hydrograph for well 
19-61-2ccd (fig. 20).
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Three discharge measurements were made November 15, 1973 on the 
upper part of Bear Creek in the La Grange area. The measurement sites 
were downstream from the U.S. 85 bridge, at the bridge over State 
Highway 151, and about half a mile (0.8 km) south of the Babbitt 
diversion. There was no significant difference in the discharge measured 
at each location and, therefore, no gain or losses in discharge of Bear 
Creek.

Chemical Quality of the Water

Chemical analyses of ground water in the La Grange area are shown 
in table 4. Ground-water samples were collected in order to determine 
the general quality of the ground water and to provide background data 
for monitoring future changes in ground-water quality. The chemical 
analyses of four ground-water samples contained in a report by Rapp and 
others (1957, p. 76 and 78) are included in table 4. Comparison of the 
older analyses with recent data indicates that, at least locally, 
irrigation has not caused any significant changes in water quality.

Dissolved-solids concentration in water from wells developed only 
in the alluvium ranged from 359 to 438 mg/1. Dissolved-solids con 
centration in water from wells developed only in the Brule Formation 
ranged from 241 to 676 mg/1. For a general discussion of water quality 
for that part of the La Grange area located in Goshen County, see Rapp 
and others (1957, p. 73-94), and, for that part located in Laramie 
County, see Lowry and Grist (1967, p. 50-57).

Chemical analyses of surface-water samples collected monthly from 
July 1969 to September 1972 at the gaging station on Horse Creek at 
Wycross Ranch have been published (U. S. Geological Survey, 1970-72, 
pt. 2). Rapp and others (1957, p. 81) and Lowry and Grist (1967, p. 54) 
published chemical analyses of water from Horse Creek and Bear Creek.
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Summary and Conclusions

Irrigation wells in the La Grange area are developed in the Brule 
Formation, in the overlying alluvium, and in both the Brule and alluvium. 
Because the Brule generally consists of argillaceous siltstone, wells 
must penetrate zones of secondary permeability in order to obtain 
adequate quantities of water for irrigation. Zones of secondary perme 
ability in the Brule in the La Grange area apparently are associated 
with ancient drainages and topographic features. For example, irriga 
tion wells drilled in the Brule outside of the boundaries of the alluvium 
do not have yields as large as most irrigation wells drilled in the 
Brule in areas where the alluvium is present.

Acoustic borehole televiewer logs and other geophysical logs have 
been used in the La Grange area to define the location, distribution, 
and nature of secondary porosity of the Brule in two wells. Secondary 
porosity as shown on the televiewer logs was distributed randomly or 
appeared to be developed along bedding planes. Logs indicated that 
zones of secondary porosity predominate in the upper 80 ft (24 m) of the 
aquifer and that the upper 80 feet (24 m) of aquifer has a higher clay 
content than the rest of the aquifer. Parker (1963) stated that piping 
occurs most commonly in rocks in which montmorillonite is the dominant 
constituent. The clay in the Brule is a montmorillonitic clay. There 
fore, higher clay content in the zones of secondary porosity supports 
the piping theory for the development of secondary porosity in the 
Brule. In the La Grange area drillers have described the zones of 
secondary porosity in several wells between 40 and 60 ft (12 and 18 m) 
and between 90 and 110 ft (17 and 34 m), as zones of broken hardpan, 
creviced hardpan, and broken Brule. These porous zones, possibly 
associated with fracturing in the Brule, are zones of secondary perme 
ability and they yield large amounts of water to wells. The presence of 
soluble minerals in the Brule indicates that development of secondary 
permeability in the Brule could have been, at least in part, assisted by 
solution activity. Thus, it is possible that before deposition of the 
alluvium, conditions were favorable for the development of secondary 
permeability by some combination of piping, fracturing and solution 
activity.

From 1972 through 1974, water levels were measured monthly in 24 
observation wells, including two wells equipped with water-stage 
recorders. Monitoring of water-level fluctuations continues, using most 
of the established observation-well network.
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Increased ground-water withdrawals since 1968 in the area north and 
northeast of La Grange have not caused water-table declines as might be 
expected in an area of rapid development. Instead, the water levels 
rose about 5 ft (2 m) from the spring of 1970 to the spring of 1974. 
Total estimated ground-water pumpage by wells north and northeast of 
La Grange from 1972 through 1974 was about 6,900 acre-ft (8.5 hm3 ). 
Some of this water, which was not used consumptively, returned to the 
aquifer. The amount of surface water diverted during the same period by 
Horse Creek No. 1 Ditch was estimated to be 6,830 acre-ft (8.4 hm3 ), 
most of which recharges the ground water in the area of pumpage. 
Precipitation also adds recharge to the area. Thus total recharge 
probably exceeds total discharge in this area, which results in rising 
water levels. However, in the spring of 1975 water levels were about 
2 to 6 ft (0.6 to 2 m) lower than those in the spring of 1974. The high 
water levels in the spring of 1974 were caused by recharge from surface 
water and recharge from above-average precipitation during 1973. Below- 
average precipitation during 1974 and decreased surface-water diversions 
by Horse Creek No. 1 Ditch, especially during the latter half of 1974, 
resulted in lower water levels in the spring of 1975.

Seasonal fluctuations of the water table in the area north and 
northeast of La Grange are as much as 9 ft (3 m). Precipitation and 
surface-water recharge cause the water table to rise in the spring, and 
pumpage during the irrigation season causes the water table to decline 
during the summer and fall. Without surface-water recharge in this 
area, water-level declines during the irrigation season would be greater 
than at present, and annual declines also might occur.

Between Horse Creek and Bear Creek, water levels declined 2 to 3 ft 
(0.6 to 0.9 m) from the spring of 1973 to the spring of 1975. West of 
Bear Creek during the same period, water levels declined 2 to 4 ft 
(0.6 to 1m). These water-level declines in both areas are mostly a 
result of irrigation wells being pumped almost 50 percent more during 
1974 than 1973. Increased pumpage and decreased precipitation in 1974 
caused lower spring water levels in 1975.

In the area west of Horse Creek, seasonal fluctuations of water 
levels are about 5 ft (2 m). Fluctuations at well 20-61-33ccb are as 
much as 7 ft (2 m). Most of the wells between Horse Creek and Bear 
Creek and also just west of Bear Creek have shallow water levels ranging 
from 2 to 12 ft (0.6 to 3.7 m) below land surface. Thus, the water 
table here is affected by evapotranspiration and responds more quickly 
to recharge from precipitation and surface-water irrigation than wells 
north and northeast of La Grange.
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Streamflow measurements during July 1973 indicate that Horse Creek 
is a gaining stream in the reach below Horse Creek No. 1 Ditch. Pumping 
from irrigation wells to the west would seemingly cause streamflow 
depletion along the reach; however, recharge from precipitation and 
surface-water irrigation apparently are sufficient to maintain the water 
table at a level above the stream during the irrigation season. It 
seems unlikely that pumping from irrigation wells along this reach of 
Horse Creek has caused significant direct streamflow depletion.

Comparison of the analyses for four ground-water samples collected 
in 1949-51 with analyses of ground-water samples collected in 1972 
indicates that, at least locally, irrigation has not caused any signifi 
cant changes in water quality. Dissolved-solids concentration in water 
from wells developed only in the alluvium ranged from 359 to 438 mg/1 
and in water from wells developed only in the Brule Formation from 241 
to 676 mg/1.
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